Premise of the study: Primers for 31 microsatellite-containing loci were developed for the threatened orchid Platanthera praeclara to enable characterization of the population genetics of this tallgrass prairie native.
The western prairie fringed orchid ( Platanthera praeclara Sheviak & M. L. Bowles) is one of 37 North American orchid species in the Platanthera Rich. genus. It is also one of the rarest, earning it federally threatened status. The historical range of P. praeclara is throughout the upper Great Plains in close association with tallgrass prairie. Large-scale conversion of the original tallgrass prairie to agriculture is believed to be the leading cause of local extirpation and widespread reductions in the numbers of P. praeclara ( Sheviak and Bowles, 1986 ) .
This particular species of Platanthera is diploid and selfcompatible with a fl ower morphology typical of plants adapted to hawk moth pollination ( Sheviak and Bowles, 1986 ) . Here we present the results of the development of microsatellite markers for P. praeclara in the hopes of providing a tool for further study of this species and genus.
METHODS AND RESULTS
To detect genomic regions with microsatellites in P. praeclara , leaf material was collected from eight individuals from a population in the Sheyenne grasslands of eastern North Dakota (Ransom County) and stored at −20 ° C. The leaf material was combined and ground in liquid nitrogen, and DNA was extracted following the manufacturer's protocol using a PowerPlant DNA Isolation Kit (MO BIO Laboratories, Carlsbad, California, USA). DNA was then serially enriched twice for microsatellites using three probe mixes (mix 2 = (AG) 12 , (TG) 12 , (AAC) 6 , (AAG) 8 , (AAT) 12 , (ACT) 12 , (ATC) 8 ; mix 3 = (AAAC) 6 , (AAAG) 6 , (AATC) 6 , (AATG) 6 , (ACAG) 6 , (ACCT) 6 , (ACTC) 6 , (ACTG) 6 ; mix 4 = (AAAT) 8 , (AACT) 8 , (AAGT) 8 , (ACAT) 8 , (AGAT) 8 ) following Glenn and Schable (2005) . Briefl y, DNA was digested with restriction enzymes Rsa I (New England Biolabs, Ipswich, Massachusetts, USA) and then ligated to double-stranded SuperSNX linkers (SuperSNX24 Forward 5 ′ -GTTTAAGGC-CTAGCTAGCAGCAGAATC-3 ′ and SuperSNX24 Reverse 5 ′ -GATTCTGCT-AGCTAGGCCTTAAACAAAA-3 ′ ). Linker-ligated DNA was denatured and hybridized to biotinylated microsatellite oligonucleotide mixes, which were then captured on magnetic streptavidin beads (Life Technologies, Grand Island, New York, USA). Unhybridized DNA was washed away, and the remaining DNA was eluted from the beads, amplifi ed in PCR using the forward Super-SNX24 as a primer, and cloned with TOPO-TA Cloning Kits (Invitrogen, Grand Island, New York, USA). Inserts were PCR amplifi ed and sequenced with M13 forward and reverse primers using the BigDye Terminator version 3.1 (Applied Biosystems, Grand Island, New York, USA) and ABI 3130xl capillary sequencer. Sequences from both strands were assembled and edited in Sequencher 4.6 (Gene Codes Corporation, Ann Arbor, Michigan, USA). Microsatellites were identifi ed using MSATCOMMANDER version 0.8.1 ( Faircloth, 2008 ) and primers designed with Primer3 (Invitrogen). One primer from each pair was modifi ed on the 5 ′ end with an engineered sequence (CAG tag 5 ′ -CAGTC-GGGCGTCATCA-3 ′ ) to enable use of a third primer in the PCR (identical to the CAG tag) that was fl uorescently labeled for detection.
To determine which primer sets would produce consistent amplifi cation products and the degree of polymorphism for each set, leaf material was collected from a total of 115 plants in four populations. Two of the populations (A-annex and Viking) were located in Ransom County, North Dakota, and were approximately 25 km apart. The other two populations (Bluestem and Ulen) were located approximately 55 km away in Clay County, Minnesota, and were separated by 30 km. The GPS coordinates of the four study populations are withheld due to the threatened status of this species. Leaves were stored on ice in the fi eld and at −20 ° C upon return to the laboratory. Leaves were ground in liquid nitrogen and genomic DNA was extracted using a DNeasy Miniprep Kit following the manufacturer's protocol (QIAGEN, Valencia, California, USA).
Microsatellites Coralville, Iowa, USA), 0.2 μ L of GoTaq polymerase (Promega Corporation), and 2 μ L of template DNA. The touchdown ( Don et al., 1991 ) PCR profi le consisted of an initial denaturation at 94 ° C for 2 min, followed by 16 cycles of denaturation at 94 ° C for 30 s, annealing starting at 65 ° C for 30 s and decreasing 0.5 ° C each cycle, and elongation at 72 ° C for 30 s. This was followed by 20 cycles of denaturation at 94 ° C for 30 s, annealing at 57 ° C for 30 s, elongation at 72 ° C for 30 s, and a fi nal elongation for 5 min. PCR products were visualized on 2% agarose gels stained in ethidium bromide to verify a successful amplification. PCR products were analyzed for fragment length using an Applied Biosystems 3730 analyzer at the Plant Microbe Genomics Facility at Ohio State University with the GS600LIZ size standard. The data were exported in electropherogram form using Peak Scanner version 1.0 software (Applied Biosystems) and visually scored to determine the alleles in each amplifi ed sample. Thirty-one loci were tested as primer pairs in PCR to determine if they produced amplifi ed product ( Table 1 ) . Sixteen loci were amplifi ed successfully, 10 of which were polymorphic for P. praeclara (PP02, PP05, PP07, PP12, PP13, PP17, PP23, PP27, PP30, PP31). Sequences for all 16 loci have been archived (http://www.ncbi.nlm.nih.gov/ sites/entrez?db=probe). Signifi cant linkage disequilibrium was found using GENEPOP version 4.0.10 ( Raymond and Rousset, 1995 ; Rousset, 2008 ) for four of the polymorphic loci, resulting in six loci suitable for a population genetic study of P. praeclara (PP02, PP05, PP07, PP12, PP17, PP27).
The individuals sampled were from two populations in western Minnesota (Ulen and Bluestem) and two populations in eastern North Dakota (A-annex and Viking). These samples were characterized with the six polymorphic loci that were not in linkage disequilibrium. Observed and expected heterozygosity ( H o and H e , respectively) were calculated using GenAlEx version 6 ( Peakall and Smouse, 2006 ) . H o at each locus per population ranged from 0 to 1 ( Table 2 ). An AMOVA was calculated with GenAlEx version 6, which classifi ed 90% of the genetic variation within populations. The program FSTAT 2.9.3.2 ( Goudet, 1995 ) was used to calculate the overall genetic diversity among populations ( F ST ), which was low ( F ST = 0.069), suggesting the presence of gene fl ow among populations.
CONCLUSIONS
Of the 31 loci screened, six microsatellites were polymorphic and not in linkage disequilibrium. Overall, there was considerable polymorphism at these loci, averaging between six and nine alleles per locus. These populations represent a small portion of the range of P. praeclara and a single year of sampling but still demonstrate considerable variation. The number and variability of these microsatellite loci suggest that they are useful molecular markers for conservation studies of this relatively rare orchid.
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